A B S T R A C T
Congenital amusia is a lifelong neurodevelopmental disorder of fine-grained pitch processing. In this fMRI study, we examined the neural bases of congenial amusia in speakers of a tonal language -Cantonese. Previous studies on non-tonal language speakers suggest that the neural deficits of congenital amusia lie in the musicselective neural circuitry in the right inferior frontal gyrus (IFG). However, it is unclear whether this finding can generalize to congenital amusics in tonal languages. Tonal language experience has been reported to shape the neural processing of pitch, which raises the question of how tonal language experience affects the neural bases of congenital amusia. To investigate this question, we examined the neural circuitries sub-serving the processing of relative pitch interval in pitch-matched Cantonese level tone and musical stimuli in 11 Cantonese-speaking amusics and 11 musically intact controls. Cantonese-speaking amusics exhibited abnormal brain activities in a widely distributed neural network during the processing of lexical tone and musical stimuli. Whereas the controls exhibited significant activation in the right superior temporal gyrus (STG) in the lexical tone condition and in the cerebellum regardless of the lexical tone and music conditions, no activation was found in the amusics in those regions, which likely reflects a dysfunctional neural mechanism of relative pitch processing in the amusics. Furthermore, the amusics showed abnormally strong activation of the right middle frontal gyrus and precuneus when the pitch stimuli were repeated, which presumably reflect deficits of attending to repeated pitch stimuli or encoding them into working memory. No significant group difference was found in the right IFG in either the whole-brain analysis or region-of-interest analysis. These findings imply that the neural deficits in tonal language speakers might differ from those in non-tonal language speakers, and overlap partly with the neural circuitries of lexical tone processing (e.g. right STG).
Introduction
Congenital amusia is a lifelong neurodevelopmental disorder that influences musical pitch processing (Ayotte et al., 2002; Peretz et al., 2002; Hyde and Peretz, 2003, 2004; Foxton et al., 2004) . It is estimated to affect about 3-4% of the population (Peretz et al., 2008) . Earlier studies suggest that this disorder is music-specific, leaving pitch processing in language intact (Ayotte et al., 2002; Peretz and Hyde, 2003) . However, recent studies with more refined design found that amusia does affect pitch processing in language (Patel et al., 2005; Nguyen et al., 2009; Liu et al., 2010; Tillmann et al., 2011a Tillmann et al., , 2011b . Among non-tonal language speakers, the amusics were found to be impaired in intonation processing when pitch differences in speech stimuli were controlled and reduced (Liu et al., 2010) . The amusics also had difficulty with accurate discrimination of non-native lexical tones (Nguyen et al., 2009; Tillmann et al., 2011a) . Among tonal language speakers, those with congenital amusia exhibited inferior performance in the perception of native tones as well as nonnative tones (Nan et al., 2010; Jiang et al., 2012b; Wang and Peng, 2014; Liu et al., 2013 Liu et al., , 2015 Huang et al., 2015a Huang et al., , 2015b . For instance, Nan et al. (2010) found that Mandarin-speaking amusics performed worse than musically intact controls in the identification and discrimination of Mandarin tones, though there was individual variation in the severity of lexical tone impairment. Furthermore, there is some evidence that the deficiency in tonal language speakers is not confined to auditory pitch processing, but prevails to higher-level phonological processing, impeding the categorical perception of lexical tone (Jiang et al. 2012b; Huang et al., 2015a) . All these findings suggest that the musical pitch deficit prevails to pitch processing in language.
In spite of the ample behavioral evidence of pitch impairment in music and speech, however, the neural bases of congenital amusia remain unclear, especially in different language populations. Understanding the neural bases of congenital amusia is important, not only for shedding light on the nature of congenital amusia, but also
